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In the Born [1], Infeld [2], Bopp [3], Podolsky
[4] and Dirac [5] theories the electron mass is fi-
nite (or zero), but gravity effects have not been
considered. Shirokov [6] and Fisher [7] showed
that in studying of origin of elemental particle
masses we can not neglect these effects. Gravity
field plays an essential role in interpretation of
particle mass. It has been shown [8, 9], that for
point-like charge the general solution of gravity
and electromagnetic (EM) equations that con-
tains arbitrary function µ(r), can in special case
of this function, describe gravity and EM fields
that do not have singularities in full range of r
from 0 to ∞.
Here we are trying to find more general solu-
tion.
General solution of gravity and EM equations
for point-like charge leads to [9]:
ds2 = −eλdr2 − eµr2(dθ2 + sin2 θdφ2) + eνdt2,
x1 = r, x2 = θ, x3 = φ, xt = t, (1)
where ds is the relativistic interval in the
spherical-like coordinates, 0 ≤ r ≤ +∞, 0 ≤
θ ≤ pi, 0 ≤ φ ≤ 2pi, and λ, µ and ν are func-
tions of r:
g11 = −eλ, g22 = −eµr2,
g33 = −eµr2 sin2 θ, g44 = eν ,
gik = 0 for i 6= k, (2)
g = −r4 sin2 θeλ+ν+2µ,
∗Translated by Nikolai Korchagin, a physicist
from JINR
with
eλ =
(
1 +
µ′r
2
)2
e−ν+µ,
eν = 1− 2m
r
e−µ/2 +
4piε2
r2
e−µ, (3)
T 11 = −T 22 = −T 33 = T 44 =
1
2
ε2
r4
e−2µ. (4)
Here the ε is the particle charge in Heaviside
units and T ik is the EM field energy-momentum
tensor.
For calculation of the proper mass they usually
use [10]
m =
∫ (√−gT 44 + t44)dτ
=
∫ √−g(T 44 − T 11 − T 22 − T 33 )dτ.
Here tik is the energy-momentum pseudotensor
for gravity field.
For EM field T ii = 0. Therefore
m = 2
∫ √−gT 44 dτ. (5)
Let’s set
µ = −2 ln f(r) (or f(r) = e−µ/2), (6)
where f(r) is an arbitrary function without sin-
gularities in the region 0 ≤ r ≤ +∞, and satis-
fies the following conditions:
[f(r)]r=0 = 0,
[f ′(r)]r=0 = α, α 6= 0, (7)
[f ′′(r)]r=0 = β, β 6= 0.
It is possible to show that the functions µ(r) =
2 ln(1+2m/r) and µ(r) = −2 ln(1−e−kr) chosen
by Einstain [8] and Shirokov [9] satisfy these con-
ditions. Substituting Eq. (6) into Eqs. (2)-(4),
2we get
eν = 1− 2m
r
f(r) +
4piε2
r2
f 2(r),
eν+λ =
[f(r)− rf ′(r)]2
f 4(r)
; (8)
g−111 = −e−λ
= − f
4(r)
[f(r)− rf ′(r)]2
×
[
1− 2m
r
f(r) +
4piε
r2
f 2(r)
]
,
g22 = −eµr2 = −r2/f 2(r),
g33 = −eµr2 sin2 θ = −r2 sin2 θ/f 2(r),
g44 = e
ν = 1− 2m
r
f(r) +
4piε
r2
f 2(r); (9)
√−g = r
2 sin θ|f(r)− rf ′(r)|
f 4(r)
,
T 44 =
1
2
ε2f 4(r)
r4
. (10)
With the help of Eq. (7) it is easy to get
[g−111 ]r=0 = −(4α4/β2)
[
1− 2mα + 4piε2α2] ,
[g22]r=0 = −1/α2,
[g33]r=0 = − sin2 θ/α2,
[g44]r=0 = 1− 2mα+ 4piε2α2. (11)
Equations (11) show that the metric is regular
at r = 0.
Substituting Eq. (10) into Eq. (5), we get the
particle mass
m = 2
∫ √−gT 44 dτ
= −4piε2
∫
∞
0
d[
f(r)
r
] = 4piε2α, (12)
so, the mass is finite.
If we set
α = 1/r0,
then from Eq. (12) we get
r0 = 4piε
2/m = e2/mc2, (13)
where e is the particle charge in the absolute
units. Equation (13) shows that r0 plays role of
the classical electron radius.
Note that according to Eqs. (4), (5) and (12),
the whole mass is sum of gravitational and EM
field masses.
Finally, I would like to thank Prof. Shirokov
for useful discussions.
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